Aims/hypothesis Estimation of GFR (eGFR) 
. This equation is more readily calculated and provides a better estimate of true GFR in patients with chronic kidney disease (CKD).
However, in patients free of CKD the MDRD equation poorly estimates GFR [3] . Serum creatinine is a critical variable for MDRD-calculated eGFR. Currently great interlaboratory variability exists in the measurement and calibration of creatinine [4, 5] . This variability introduces error into GFR estimates, which has greatest impact at creatinine concentrations within the normal range; this is particularly important when attempting to detect early decline in GFR [4] .
To implement eGFR universally, an effort to standardise creatinine measurement is being made by the National Kidney Disease Education Programme [6] . Isotope dilution mass spectrometry (IDMS) is considered the gold standard for establishing true creatinine concentration [6] . This programme aims to ensure that creatinine values are traceable to an IDMS reference value in order that creatinine measurements are comparable regardless of method or laboratory used.
IDMS creatinine values are up to 20% lower than creatinine values obtained by the alkaline picrate method [6] . Consequently, the MDRD equation was re-expressed for use with IDMS creatinine values [7] .
We compared performance of the original '186' MDRD equation using non-standardised creatinine values and the revised '175' MDRD equation using IDMS-traceable creatinine to estimate isotopic 51 Cr-labelled EDTA ( 51 Cr-EDTA)-measured GFR (iGFR) in patients newly diagnosed with type 2 diabetes.
Methods
Patients We studied 293 patients with newly diagnosed type 2 diabetes who had a reference iGFR measurement and sufficient clinical and biochemical data.
Diagnosis was made by the criteria set by the WHO at time of recruitment [8] . Ninety-six per cent (282/293) of patients were white, the remainder being of South Asian origin. None was of African-American origin.
Clinical methods Following an overnight fast, anthropometric and biochemical measurements were made. Patients were intravenously cannulated and blood samples drawn. Subsequently, 1 MBq 51 Cr-EDTA was administered at 0 min, with further blood sampling at 44, 120, 180 and 240 min.
Laboratory methods
The 51 Cr-EDTA plasma clearance method for GFR measurement was corrected for body surface area. The four-sample method allowed estimation using a two-compartment model. Serum creatinine measurement Creatinine levels were determined using the OCD dry-slide system on the Vitros 750 X RC and 950 analyser (HP12 4DP; Johnson & Johnson, High Wycombe, UK). The CV the assay was 4.2% at a creatinine concentration of 103 μmol/l and 1.92% at a creatinine concentration of 516 μmol/l. Creatinine measurement was validated by the Welsh External Quality Assurance Scheme.
IDMS creatinine calculation IDMS-traceable creatinine values were obtained according to the recommendations of the UK National External Quality Assessment Service for the OCD dry-slide method [9] :
Estimation of GFR GFR was estimated using the original four-variable 186 MDRD equation [2] with unadjusted serum creatinine values and the revised four-variable 175 MDRD formula [7] using IDMS-traceable creatinine values, as recommended by the National Kidney Disease Education Programme [6] . These formulas are shown below.
The abbreviated four-variable 186 MDRD formula [2] : . Data were analysed using two-tailed paired and unpaired t tests as appropriate (confirmed by non-parametric equivalents for non-normal distributions), χ 2 test for proportions, and linear regression. Regression, goodness-of-fit and other statistical method assumptions were checked graphically and by use of relevant statistics. All calculations were performed using SPSS 
Results
Demographic characteristics of study participants are summarised in Table 1 . Ninety-one per cent of participants were normoalbuminuric. IDMS creatinine values were significantly lower than non-IDMS creatinine values in both groups and by approximately 10% overall. Table 1 shows that patients in group 1 (iGFR <90 ml min
) were on average older with greater non-IDMS and IDMStraceable serum creatinine concentrations than those in group 2. Conversely, group 2 patients had greater HbA 1c and fasting plasma glucose concentrations. There was no significant inter-group difference in weight or BMI.
Performance of the 186 and 175 MDRD formula-derived eGFR is presented in Table 2 . Performance was assessed by Values for bias show that both formulas significantly underestimate iGFR; however, bias is significantly smaller using the 175 MDRD equation in both groups. Significant improvements in accuracy within 10% and 30% are seen using the 175 MDRD equation in the group as a whole and specifically in group 2. A trend towards improved accuracy in group 1 failed to achieve statistical significance.
Discussion
MDRD-derived eGFR is advocated for assessment of kidney function in patients with diabetes [1] . Although validated in CKD [2] , it has recognised limitations outside of this setting. Underestimation of higher GFR levels with overestimation of CKD has been observed [3] . Underestimation of iGFR has been attributed to inaccuracies of measurement, and greater variability in creatinine concentration due to non-renal factors in patients without CKD [4] [5] [6] .
In this study, IDMS creatinine values were significantly lower than traditional creatinine values. Both formulas introduced significant biases and tended to underestimate GFR. This being most pronounced applying the 186 MDRD formula to patients with iGFR ≥90 ml min . The difference may partly be explained by the fact that our patients were newly diagnosed with type 2 diabetes, many being obese, both factors being known to be associated with hyperfiltration.
We recognise that underestimation may be partly attributable to creatinine values not being calibrated to those of the MDRD laboratory. However, the MDRD equation was also derived using GFR measured by the urinary clearance of 125 I-labelled iothalamate rather than 51 Cr-EDTA clearance; it does not specify that identical methods of creatinine measurement are required for its use and our findings represent current clinical practice.
Use of IDMS-traceable creatinine values with the 175 MDRD equation partially improved performance of the equation in terms of both bias and accuracy, in the group described. IDMS creatinine values were derived using recognised formulas, which, pending widespread implementation of IDMS-traceable creatinine measurements, again reflects current clinical practice. Evidence that this transformation improves performance is encouraging.
The lower bias observed with the 175 MDRD equation was statistically significant in all subgroups of the study. Furthermore, statistically significant improvements in accuracy of estimation within 10% and 30% of isotopic GFR were observed when the group was studied as a whole, and in patients from group 2. Improved accuracy was also seen in group 1, although this failed to reach statistical significance, possibly due to the small number studied. Precision of equations was unchanged using the 175 equation compared with the 186 MDRD, although improved precision was seen with decline in iGFR.
Overall, use of IDMS-traceable creatinine in the revised 175 MDRD equation did slightly improve estimation of iGFR in patients with diabetes. We conclude that universal standardisation of creatinine measurement will improve the ability of the MDRD equation to detect early changes in GFR.
However, despite improvements in accuracy of creatinine measurement, plasma creatinine concentrations will fluctuate according to non-renal factors such as diet, exercise and BP. This will influence eGFR results, especially when creatinine values are within the normal reference range [4] .
The variability of eGFR is illustrated in our study of mainly white normoalbuminuric patients, where significant underestimation of iGFR remained despite use of IDMS creatinine values and the revised MDRD equation.
While efforts are being made to generate equations which more accurately reflect GFR in diabetes, standardised creatinine values are a positive step towards improved eGFR.
Use of eGFR for assessment of kidney function in patients with diabetes is now established. Our data show that use of IDMS-standardised creatinine improves the overall performance of the MDRD equation; however, significant underestimation of iGFR continues to occur in this patient group.
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